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Abstract 
 
Due to the importance of arithmetic abilities for elementary school students, this research aims to develop games using digital dice.This 

games will be used in gamification in math education. This research method is research and development, while the game development 
process using the waterfall model of system development life cycle. Based on the results of development, the system is built so that the 
students are emotionally engaged through digital dice games, they didn’t only tap the screen or answer the exercise. The resu lts of func-
tional testing and compatibility also show that the system has excellent functionality and compatibility. 
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1. Introduction 

The ability of arithmetic is a very important ability for elementary 
school students because the application is mostly found in 
everyday life. Arithmetic ability will support the success of 

learning other mathematical concepts because almost all the 
mathematical concepts to be studied in the next level will be 
closely related. Arithmetic owes its important position in the 
school curriculum to two reasons. First, it teaches certain 
fundamental facts and processes which everyone must use; 
secondly, it offers a mental drill that is more complete, more 
definite, and more insistent than any other branch taught in the 
secondary schools [1].  

The specific issue in this study is based on interviews with a 
number of teachers in some elementary schools in Purwakarta 
Indonesia in 2014, 2015, 2016, that students have difficulty in 
learning mathematics because they have difficulty in learning 
arithmetic, especially multiplication.  
To be able to understand and like mathematics which is abstract, 
the process of learning mathematics, especially the subject matter 
of the concept counting operations should be delivered in a 
meaningful and fun ways and must be able to show the benefits of 

mathematics in solving various problems in life. In addition, the 
involvement of students and the presentation of interesting 
learning is an effort by the teacher. One alternative is to apply the 
gamification in mathematics. This is in line with the age of 
development of elementary school students who are in concrete 
operational stage and love the game [2]. Furthermore, the key to 
learning arithmetic is through meaningful experience and practical 
application. These computing skills need to can be nurtured by a 

variety of systematic practices and exercises [3]. Through the 
game, students will truly engage, do not feel compelled and afraid. 
However, some existing arithmetic games have not followed the 
technological change that grew rapidly. As in [4] uses cards and 
game boards to teach the notion of adding a high level of cognitive 
skills (reasoning and strategy). Another game research is the use 
of personal computer-based monkey tales that compare students' 

arithmetic skills based on learning with the game with regular 
practice. [5][6][7]. In the other hand, the use of the Android-based 
smartphone is a huge number of users in the world, in 2018 

dominate the market by 85,9% [8]. Preliminary analysis in this 
study shows that the number of arithmetic games in the Android 
Play store is as much as multiple choice game. Students answer a 
random question set by the system and choose the right answers to 
have a score. Then the students choose the level of the game with 
some reward. There are only 2 games found that are "mental 
arithmetic" and "Buddy school" which use the fun game elements 
in their application. 

This research aims to develops “Bee Math and Bingo math X and 
+”, as an android based application that can be played by anyone, 
anytime and anywhere. And the purpose is to improve the arith-
metic skill of primary school students using digital dice. It is 
based on, the effort that has been made by the students focus back 
on learning after spending time and energy just to play games like 
angry birds [9]. So the elements in the game can be utilized for 
tasks, and exploit human nature in terms of student motivation and 
involvement. 

The term of gamification refers to the use of game elements or 
game thinking in a non-game context in order to increase 
engagement between students and learning application [10]. 
Gamification is important in learning, because today students are, 
a Z generation that fluent in technology. As in [11] they are 
individuals with new and growing characteristics of digital 
technology that make their learning styles different from students' 
learning styles in previous generations.  

It has been proven that games are so rapidly growing, downloaded 
and played by students and addictive. And gamification in math 
education also arises such as [12][13]. This research develops 
games that previously done manually, into digital games that can 
be done anytime and anywhere in the context of improving the 
ability in arithmetic, especially multiplication and addition with 
the concept of gamification. 
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To use gamification in education, the step according to [14] is as 
shown in Fig. 1.   

 
 
A good understanding of who the audience is, in combination with 
the context in which the program will be delivered will help in 
designing programs that empower students to achieve program 
objectives. Audience analysis should be done to know factors such 
as the age group, learning ability, current skills, and so on. 

Learning process must have a goal to be achieved by the students 
at the end of the program. Goals may include understanding 
students' concepts, performing tasks after training, or completing a 
learning program. Experience structure can be a milestone. Stages 
and milestones are powerful tools that enable teachers to rank 
knowledge and measure what students need to learn and accom-

plish at the end of each stage or milestone. 

 

2. Methods 

This research is part of a research development on the Eligibility 
phase of media experts and material experts, as well as limited 
trials. This type of research is a qualitative research which is con-
ducted in the even semester of academic year 2017/2018. The 
media expert Eligibility tester is Prof. Dr. Abdul Ghofur, M.Sc. 
and material experts namely Prof. Dr. Suhardi, M.Pd, both experts 

are from Yogyakarta State University. As for the limited test is 
conducted in the educational program of primary school teachers 
in Sarjanawiyata Tamansiswa University of Yogyakarta. In the 
limited test phase conducted in 4H class with the number of 30 
students and Octavian Muning Sayekti, M.Pd. as a lecturer Indo-
nesian language skills subjects.  
This study focuses on the assessment of the Eligibility of interac-
tive multimedia skills of Indonesian language by media experts, 
material experts and users both lecturers and students. Data is 

taken through questionnaires, interviews, and documentation. Data 
were analyzed descriptively qualitative. The data analysis consists 
of three simultaneous activity flow, data reduction, data presenta-
tion, and conclusion or verification [18]. 
This research is a research development, so that research method 
used is research method of development of R n D. Research and 
development (R & D) according to [15] is an industry-based de-
velopment model in which the systems are tested, evaluated and 

refined until they meet the specified criteria of effectiveness, qual-
ity, or similar standards. 
This research designed with the R & D approach, as in [15] refers 
to a process used develop and validate educational products. This 
understanding implies that the method of research and develop-
ment in the field of education in principle is a process to develop a 
product research, and further validate the product. This means that 
research and development methods are applied to produce the 

product and test the effectiveness of the product. In the context of 
this study, the research product to be developed and validated is an 
Android-based game application, the arithmetic multiplication 
model for primary school students. 
The procedures in this study are in accordance with the approach 
as in research and development (R & D), [15][16]. The research 
procedures covered ten activity including (1) limited survey and 
information gathering, (2) planning, (3) ) develops preliminary 

form of product design, (4) conducts preliminary field testing, (5) 
main product revision, (6) conducts main product field testing 
(main field testing, 7) product revision, (8) conducting operational 
field testing, (9) refining the model to develop the final product 
revision, and (10) dissemination and distribution. 
This research is the first stage of product development using the 
software engineering approach. To ensure the quality of 
application development, the method to implement “Bingo Math 

X and Bee Math X” gamification will follow waterfall model of 
the software development lifecycle (SDLC).  SDLC waterfall 
model is a fairly classic approach, but still can be used by software 
developers. the software development steps waterfall model 
shown in the fig. 2  

 
According to [17] these steps including: 

• Requirement definition or system requirement specifica-
tion stage is the analysis of system requirements created 
in a form that can be understood by the client and the 
developer staff. At this stage, the client or user explains 
all the constraints and objectives and defines what the 
system wants. Once the specification document is ap-
proved then the document becomes a contract of work 
between the client and the developer.  

• The next stage is the design, at this stage, the developer 
will produce a system architecture as a whole, this stage 
determines the flow of software to the detailed phase al-
gorithm.  

• The next stage of implementation, the stage where the 
entire design is converted into program codes. the result-
ing program code is still in the form of modules which 
will then be integrated into a complete system to ensure 

that the software requirements have been met. 
• The next stage is verification by the client, the client test 

whether the system has been in accordance with the con-
tract that has been approved. 

• The final stage is maintenance which includes installa-
tion and process of system improvement according to 
contract 

In designing this arithmetic game, the author refers to the 8 princi-
ples of gamification production including conceptual challenges; 

productive failure; carefully calibration; Boost Persistence; builds 
confidence; enhances intrinsic motivation; accessibility; and deep-
er learning [18].  
Conceptual challenges built through this game is for students to do 
drill and practice. The arithmetic game is the arithmetic game of 
addition and multiplication. Both games are designed with the 
same design, only the operating algorithm is changed. In this 
game, students have the role in determining the problems that will 

arise in the game. 
The game will use the dice as a distinguishing element with other 
android based games. In this game, dice is chosen because it is 
very closely related to the development of mathematics, especially 
Galileo Galilei's 1956 probability theory. A student has the role to 
determine the question by shaking the dice. 
The recommended device to be used is a touchscreen phone with a 
maximum of 6-inch screen or a handheld device with one hand 

only. This is because students have to shake the device as well as 
shaking dice. There are two games to be built: “Bingo Math X and 
BeeM Math X”. Both are given the suffix x and + as the meaning 
of the operation to be played in the game. 
The productive failure and enhances of intrinsic motivation built 
into this game do not have a heavy impact on students, just mes-
sages that answer students wrong and reduce their early life. 
Feedback in the form of rewards and bonuses given to students if 

their answers are correct. By providing this feedback students are 
expected to be motivated to quickly complete the game at a low 
level to the harder level. The highest scoring recording is also a 

 
Fig. 2: SDLC Waterfall Model 

 
Fig. 1: The use of gamification in education 
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reward for students in this game. Scoring is based on the remain-
ing time of student’s correct answer. 
Careful calibration in this system is implemented through the level 
of the difficulty level of problems given to students, especially in a 
game “Bingo Math X”. Zone proximal development in learning 
mathematics through this game will divide the students into their 
respective zones so that teachers can provide follow-up, with the 
view the history of students' arithmetic abilities through the game 

boards.  
Boost persistence and Builds confidence in this game are in the 
form of providing the simplest game at the lowest level so that 
students are expected to keep playing despite failing to complete 
the game board several times. The emergence of the dice to com-
plement the game board may be somewhat frustrating, but with a 
predetermined algorithm, the probability of dice numbers to 
emerge will be magnified with a special algorithm.  

This game is not supported by learning materials and resources. 
Therefore in general accessibility and deeper learning in this game 
is limited through different game levels. Each student who has not 
successfully completed the low level is not recommended to open 
the next level. this is done by locking the harder level. The levels 
in the game indicate the difficulty of arithmetic operations 

 

3. Result and Discussion 

Bingo math X and BeeM Math X, using two digital dice that will 
determine the question of multiplication to be answered by the 

student. Digital dice is used as questions determined by students 
based on shuffling results. The developed digital dice is a touch 
screen mobile-only app that does not use touch gestures like digi-
tal dice applications that are plentiful on the android play store. 
This the author considers as the game's appeal that found earlier in 
the Samsung SCH-S310 and Omnia mobile phone applications.  
At the first level of “Bingo Math X game”, students will play dice 
numbers 1-6, so the game domain will be at the numbers 1 - 36. 
The game begins with a game board displaying the multiplication 

board of 1-36. Students must shake the dice, then the two dice 
number shown will be the questions that must be answered in 10 
seconds. If the student successfully answers correctly, then the 
game board showing the multiplication number will change color. 
If the student fails to answer the game board does not change, but 
will reduce the lives of the 5 lives given at the beginning of the 
game. The game at this level will end after the students answer all 
the chances of the emergence of the 2 of 6 dice number.  

In general, “BeeM Math X” game is almost the same as “Bingo 
Math X”, in which students play with two digital dice to be shak-
en. A problem will be given according to the dice number that 
appears. The fundamental difference lies in the game board. 
“BeeM Math X” game uses a honeycomb pattern as a board game. 
The level of the game is also based on the use of dice. The highest 
level of the game is level 4, which is when the game uses 15-to-20 
number of dice. The bonus score on “Beem Math X”, viewed 

based on horizontal, vertical and diagonal line pattern of 3 hexa-
gon pieces. 
Requirement and Architecture System 

The general system requirement analysis of these two arithmetic 

games is: digital dice rotations must be natural, the dice will rotate 
by shuffling the used mobile phone; the level of game difficulty 
will increase as the level increases marked by the increasing num-
ber of dice number. 
The system architecture of both these android based games is 
described in Fig 3. 

 
The requirements of the implementation environment used in the 
development of this game are Asus computer A43SV with Core i3 

processor, 4 GB RAM. While the required software is Unity Game 
Engine; Mono Develop text storage; C # Programming Language; 
with Adobe Illustrator and Photoshop for interface design.  
The implementation process of the interface that is shown in fig. 4 
and fig. 5. 
The Game Description 

“Bingo Math X” 
• “BeeM Math X” game started with a splash screen, then 

enters automatically on the game's home. In the home 
screen there is an option button for language, sound, 
music, change the dice, record the highest score record-
setting. When the play logo is selected, then there will 

appear to the next screen, that is the level selection. 
Students can exit the app at any time by selecting the 
back button on the device multiple times. 

• In the next stage, there is the identity of the game name 
along with the game level. The default open game level is 
level 1. The next level will unlock after completing the 
level 1 of the game using two dice of 1, 2, 3, 4, 5, 6 
numbers. Level 2 is a game using two dice of 5,6,7,8,9,10 

number. Level 3 game using two dice of 
10,11,12,13,14,15 numbers and level 4 that is game by 
using two dice of 15,16,17,18,19,20 numbers. 

• The students will have 5 lives, and there are 36 boxes 
which are the chance of multiplying the two numbers on 
the dice. If students are ready to play, students must 
choose to roll the dice and then shake the dice until it 
stops and the dice shows two numbers of multiplication. 

The students are given 10 seconds to answer the question 
in the provided box. The faster, the more points will 
achieve if the answer incorrect. When students answer 
correctly, eg 6 * 5 players press 3 and 0 (means true). 
Then the game board will appear, and the number 30 on 
the board will change its color. The board will not change 
color if the student has the wrong answer but will reduce 
the number of life. The game will continue until the 
student can change all the board games and unlock to 

enter the next level. 

 
Fig 3: BeeM Math X and Bingo Math X system architecture 
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“Beem Math X” 
• Just like “Bingo Math X”, “BeeM Math X” game starts 

with a splash screen, then enters automatically on the 
game's homepage etc. 

• The level of the game in this game is also as same as 
“Bingo Math X”. 

• The next step students will have 5 lives, and there are 19 
hexagons (players must first choose one hexagon to 
activate to roll/shake the dice). If the player has not 
selected one hexagon, the dice roll button is off. When 

the dice roll button is pressed it will appear dice that rolls 
with natural movement and supportive voice. When the 
dice have stopped spinning, a 0-9 board will appear 
within 10 seconds and vanish if it has passed from the 
specified time. The faster, the more points will achieve if 
the answer incorrect. If the student answer is true then the 
selected hexagon will be the highlight. But if the student 
answer is wrong, then the life will be reduced one and the 

selected hexagon will be crossed (failed) 

• This level will end when all hexagons are selected. The 
score will be calculated based on the correct answer with 
the student's time, and the number of lines formed by 3 
hexagons on the field (1 line is worth 10). As a reward, 
their life will be increased and level 2 will be unlocked. 
The game on the next level is the same as on level 1 with 
different dice numbers. 

 
After analyzing, designing and coding in an iterative 
implementation environment, final testing is done by reference to 
software testing standards according to ISO 25010. Based on [19] 
there are several characteristics in software testing including 

functional suitability, performance efficiency, compatibility, 
usability, reliability, security, maintainability, and portability and 
shown in fig.6. 
Functional testing is performed with black box testing that 
attempts to find errors in the following categories: 1) incorrect or 
missing functions; 2) interface error; 3) errors in data structures or 
external database access; 4) behavior or performance error; and 5) 
initialization and termination error [17]. Based on the test results, 

it is found that the system built 100% successful or in accordance 
with the specification of expected requirements. 

 
Testing is also performed on compatibility -related systems. Both 

of these types of tests are considered to be factors that should be 
prioritized in system testing as in [20] prioritizes correctness and 
usability. However, we recommend that complete testing of the 
mobile app be carried out includes: functional testing, 
compatibility testing, usability testing, and performance testing 
[21].  
Compatibility testing performed by installing the system on 
Android devices with Lollipop to Oreo operating systems. The 

compatibility results of game testing on some device types shown 
in table 1. 
 

Table 1: Result Of Compatibility Testing 

 
Fig. 5: User Interface Implementation of “Beem Math X” 

 
Fig. 6: ISO 25010 Chart for Software Quality Assurance 

 
Fig. 4: User Interface Implementation of “Bingo Math X” 
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Smartphone Type Operating 

system 

Installation 

Process 

Application 

Process 

Redmi Note 4 Marshmallow Successful Successful, no 

error 

Hisense Smartfren 

Andromax R 

Nougat Successful Successful, no 

error 

Lenovo A 6010 Lollipop Successful Successful, no 

error 

Samsung Galaxy 

A7 

Oreo Successful Successful, no 

error 

As shown in table 1, it can be concluded that 100% both game was 

compatible with all the test device with kind of Android operating 
system.  

 

4. Conclusion 

The development of digital dice that is implemented in “Bingo 
Math X and Beem Math X” games is an effort to make students 
feel happy and engaged emotionally [22] in learning mathematics. 
Students will be involved and have different experiences, because 
the game is determined by the students themselves, based on the 
results of digital dice shuffle. The digital dice will determine the 
questions that students have to answer. Different experiences will 

provide the element of joyful learning in this gamification [23] 
because students not only tap the screen just like other android 
based games. 
This game developed with SDLC method and the testing result 
shows that the dice is rolling naturally with a supportive sound. 
Other functions such as user interface and algorithms are 
successfully run in some types of Android devices used as the test 
tools. Thus based on functionality, the digital dice games can be 

used in math education through gamification. Future research and 
consideration are related to usability and performance efficiency 
test and the effect of gamification using this digital dice. 
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